Jonathan spot is a physiological disorder of the epider,mal and hypodermal tissues of Jonathan and other apple varieties. Pentzer (8) observed that the pH of the affected tissue was higher than that of adjacent normal tissue and suggested that the spot symptom resulted from the conversion of anthocyanin color from red to blue. The affected tissue is also characterized by a marked accumulation of K, Ca and Mg (1) .
Wilkinson (10) suggested that K, the dominant fruit cation, may serve in a buffer system with malic acid, the dominant fruit acid, for maintaining tissue pH. Several investigators (2, 3, 10) have observed a direct relationship between the K content and titratable acidity of apple fruits. It is generally accepted that organic acids are synthesized in the cells to compensate ion balance when cation absorption exceeds anion absorption (4, 9) . Recently, Johnson et al. (5) provided additional evidence that organic acid synthesis is the result rather than the cause of excess cation absorption.
The 
Materials and Methods
Mature Jonathan apples (Malus sylvestris, Miller) were harvested and maintained in storage at approximately 00 for several months to obtain fruits with varying degrees of spot development. Discs (approximately 5 mm in diameter and 2 mm thick) of spotted tissue and adjacent normal tissue were obtained from sections of fruit peel with a cork borer. Samples of spotted and normal peel tissue were analyzed for mineral composition as described by Kenworthy (6) . Quantitative analysis of the nonvolatile organic acids of spotted and normal tissue was determined by the ion exchange column chromatographic procedure of Markakis et al. (7) as modified by Dostal (2) .
A pH titration profile was obtained for spotted and normal peel tissue employing a 95 % ethanol extract of 2 g of tissue. Prior to titration, the extract was evaporated on a hot plate, the residue dissolved in 20 ml of water, and the solution clarified by centrifugation. Half of the supernatant solution was titrated with 0.0354N HCI to pH 2.5, while the other half was titrated to pH 8.0 with 0.0280 N NaOH. pHTitration profiles were also obtained for solutions of those acids present in 1 g of spotted and normal peel tissue after adjustment of the solution to the pH observed in the respective tissue homogenates. 
Summary
The epidermal and hypodermal tissues of apple fruit affected with Jonathan spot contained more than twice as much K and approximately 4 times as much Mg and Ca as adjacent normal tissue. The total acidity of affected tissue was approximately twice that of normal tissue, while the pH was approximately 0.7 unit higher. Malic acid was the predominant organic acid in both tissues. The citric acid content of affected tissue was considerably higher than that found in normal tissue. The pH-titration curves of affected and normal tissues paralleled those obtained by titrating equivalent solutions of the acids found in the tissues.
The pH, malic acid, and K content of normal and affected tissues were found to be interrelated through the Henderson-Hasselbalch relationship. The increase in pH of the affected tissue was related to an excess accumulation of cations and the resultant dissociation of malic acid.
